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(57) Abstract 



A nozzle for delivering a high or ultra high pressure liquid jet, the 
nozzle including a nozzle body (3, 21, 30, 50, 70) having a delivery passage 
(5, 23, 31, 54, 73) of total length (Hn) passing therethrough to a nozzle 
outlet opening (7, 25, 32, 77) at an end face of the nozzle body. The 
nozzle outlet opening is a slot shaped having a width (L), lateral thickness 
(T) and length (H) to deliver a relatively planar shaped high or ultra high 
pressure liquid jet therefrom. The upstream passage (31) of the nozzle body 
has a wedge shaped portion (34) that leads into the slot and nozzle outlet 
opening (32). The passage of the nozzle is designed such that (Hn/T) is 
greater than or equal to two. The nozzle is used for cleaning purposes and 
for disintegrating material such as rubber, plastic and other polymers. In 
particular the nozzle is used for the reclamation of rubber from used vehicle 
tyres into a particulate form where the particles are less than 100 microns 
in size. 
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ULTRA HIGH PRESSURE LIQUID JET NOZZLE 

The present invention is directed to a method and apparatus for 
disintegrating material such as rubber, plastic and other polymers. This invention 
is applicable for use in the reclamation of rubber from vehicle tyres, and the 
5 invention will be described with respect to this application. It is however to be 
appreciated that the invention is also applicable for use in other applications such 
as for cleaning purposes. 

The disposal of used vehicle tyres is a growing environmental problem 
because of the increasing number of vehicles in the world. The traditional 
10 methods of disposal, being to use the tyres in landfill or to burn the tyres, do have 
detrimental effects on the environment. The alternative is to recycle the various 
parts of the tyres. To this end, there have been ongoing developments of 
methods to recycle the used tyres to enable the rubber in the tyres to be recycled 
for other purposes. It would ideally be preferable for economic reasons to use the 
15 recycled rubber to produce new tyres. In practice, there has been only limited 
application of the recycled rubber making it generally uneconomical to conduct 
large scale recycling of tyres. One reason why this is the situation is that the 
quality of the recycled rubber obtained from known methods is variable or poor, 
being mixed with inferior quality rubber and/or other waste products, making it 
20 unsuitable for new tyre productions. Also, it is generally necessary to devulcanise 
the recycled rubber prior to its use in tyre production. 

In US Patent 5482215 (Veres), there is described a method of reclaiming 
rubber using ultra high pressure liquid jets to disintegrate the rubber on the tread 
portion of the tyre. It should be noted that three different grades of rubber are 
25 normally used in the manufacture of tyres, the highest grade rubber being used in 
the tread portion of the tyre, the poorer grades being on the sidewalls and inner 
surfaces of the tyre. The described method therefore strips the rubber from the 
tread portion to provide higher quality recycled rubber. The main advantage of 
using ultra high pressure liquid (UHPL) jets is that it can disintegrate the rubber 
30 into a particulate form which does not then need to be devuicanised and can 
therefore be directly reused. It is preferable for this reason for the particle size to 
be less than 100 microns in size. 

The UHPL jets used in the abovementioned method are delivered from a 
series of UHPL nozzles. These nozzles are normally used in the cutting of 
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different materials, and the UHPL jet delivered by such nozzles produces a cut 
within the rubber having a narrow and deep V-shaped section. This is because 
the UHPL nozzle has a nozzle opening which is circular in shape and which 
therefore produces a jet having a generally circular cross section. The effect of 
5 the pressure gradient across the resultant jet is that the maximum pressure is at 
the centre of the jet cross section, the pressure decreasing towards the outer 
periphery of the jet cross-section. Because of the shape of the resultant cut by 
the UHPL jet, only a small amount of rubber is stripped from the tread portion by 
the nozzle at each pass of that nozzle. The abovenoted method seeks to 
10 increase the amount of rubber stripped at each pass by using a plurality of 
nozzles. Although this does increase the amount of rubber when stripped at each 
pass, nevertheless, the remaining upstanding portions of rubber of the tread 
portion after each pass is difficult to remove. This is because the remaining 
upstanding portions of rubber following the initial passes are more flexible and 
is therefore more readily deflected by the UHPL jets. The remaining portions of the 
rubber when subsequently removed can also be larger than the desired size of 
100 microns or less. 

Although a greater amount of material can be stripped when the nozzle 
opening is made larger in size to produce a wider diameter UHPL jet, the size of 
20 the particulate material produced by the resultant UHPL jet are generally of a 
greater than desired size. 

It is therefore an object of the present invention to overcome at least one of 
the disadvantages of the prior art. 

With this in mind, according to one aspect of the present invention, there is 
25 provided a nozzle for delivering a high or ultra high pressure liquid jet, the nozzle 
including a nozzle body having a delivery passage passing therethrough to a 
nozzle opening at an end face of the nozzle body, wherein the nozzle opening is 
slot shaped to thereby deliver a relatively planar shaped high or ultra high 
pressure liquid jet therefrom. 
30 The liquid jet may typically be at an ultra high pressure from about 20,000 

KPa. Liquid at such ultra high pressures may be used in material reclamation 
applications. The liquid jet may also be at a relatively lower high pressure, 
typically up to 10,000 KPa. At such pressures, the liquid jet may also be used for 
cleaning and abrasive cleaning applications. 
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In the use of the nozzle for reclamation applications, the use of a relatively 
planar liquid jet allows for a wider channel shaped "cut" in the material than would 
be possible by a conventional nozzle which produces a narrow V-shaped cut in 
the material This is because the cross section of the jet is generally slot shaped, 

5 being wide in one plane and relatively narrow lateral to that one plane. 
Furthermore, the pressure gradient across the width of the jet may be relatively 
uniform. The jet therefore cuts to a more uniform depth across the jet to produce 
a relatively flat bottomed channel shaped cut in the material. Furthermore, the 
use of such a relatively planar liquid jet produces a more uniform particle size. 

10 The result is that a greater amount of material can be disintegrated at each pass 
of the nozzle when compared with a standard nozzle. Furthermore, by having a 
series of said nozzles set up for operation in a row or other configuration, the 
amount of remaining upstanding portions of material after the pass of the nozzles 
can be substantially reduced or even eliminated. 

15 The use of a planar liquid jet for cleaning and abrasive cleaning 

applications also provides for more effective and efficient cleaning. Unlike the 
conical liquid jets currently used for such purposes, a planar liquid jet provides a 
more uniform distribution of the liquid pressure across the liquid jet. More uniform 
cleaning is therefore achieved along the planar liquid jet. By comparison, in a 

20 conical liquid jet, a greater distribution of the liquid is provided towards the centre 
of the liquid jet than towards the periphery thereof. This results in less efficient 
cleaning. 

According to one preferred embodiment according to the present invention, 
the delivery passage passing through the nozzle body may have a uniform lateral 

25 cross section at least substantially the same as the shape of the nozzle opening. 
Therefore, the upstream opening of the delivery passage in the nozzle body may 
also be slot shaped and may have the same shape as the nozzle opening. In 
other words, the upstream opening may have an elongate length at least 
substantially identical to the elongate length of the nozzle opening, and the lateral 

30 thickness of the upstream opening may be at least substantially identical with the 
lateral thickness of the nozzle opening. The delivery passage may be 
substantially defined by a pair of parallel planar walls extending through the 
nozzle body from the upstream opening to the nozzle opening thereof. 

The delivery passage according to this possible arrangement may have 
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the following possible configuration advantageous to the operation of the nozzle: 
H N > 2 
T 

where: 

5 Hn is the total length of the delivery passage from the upstream opening to the 
nozzle opening of the nozzle body; and 
T is the lateral thickness of the nozzle opening. 

According to a further preferred embodiment according to the present 
invention, the delivery passage passing through the nozzle body may have a 
10 uniform cross-section at least substantially the same as the shape of the nozzle 
opening in an initial portion of the delivery passage for a predetermined extent 
immediately upstream of said nozzle opening. Therefore, the delivery passage 
may be initially substantially defined by a pair of parallel planar walls for said 
initial portion of the delivery passage. Beyond said initial portion, the planar walls 
is may be inclined relative to each other to provide a wedge shaped portion of the 
delivery passage. Therefore, according to this preferred embodiment, the lateral 
thickness of the upstream opening may be greater than the lateral thickness of 
the nozzle opening. 

The delivery passage according to this preferred embodiment may have 
20 the following possible configuration advantageous to the operation of the nozzle: 
H > 2 
T 

where: 

H is the length of the initial portion of the delivery passage immediately upstream 
25 from the nozzle opening of the nozzle body; and 

T is the lateral thickness of the nozzle opening of the nozzle body. 
Furthermore, it is preferred that: 
Hn - H > 5 
T 

30 where: 

Hn is the total length of the delivery passage from the upstream opening to the 
nozzle opening of the nozzle body. 

The lateral cross-section of the delivery passage may maintain an elongate 
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length at least substantially the same as the elongate length of the nozzle 
opening from the upstream opening to the nozzle opening. Alternatively, the 
lateral cross-section of the delivery passage may maintain an elongate length at 
least substantially the same as the elongate length of the nozzle opening for the 
5 initial portion or another specified extent of the delivery passage immediately 
upstream from the nozzle opening. Beyond said initial portion or specified extent 
of the delivery passage, the passage may widen such that the elongate length of 
the upstream opening is greater than the elongate length of the nozzle opening. 
The widening of the delivery passage may be gradual. It is however also 
10 envisaged that the widening may be in a step fashion. 

The angle of inclination of the planar wall in the wedge shaped portion of 
the delivery passage relative to the planar wails immediately upstream from the 
nozzle opening in the initial portion thereof may be equal to or less than 13°. This 
inclination angle provides for decreased turbulence or facilitates laminar flow in 
15 the liquid flow. 

The nozzle may further include a supply line for supplying high or ultra high 
pressure liquid to the nozzle body. The supply line may have an inner bore, the 
lateral cross-section of which may have dimensions greater than or equal to the 
length and width of the nozzle opening. Flow straightening vanes or other flow 
20 straightening means may be provided immediately upstream of the nozzle body 
within the inner bore of the supply line to minimise the turbulence of the liquid flow 
to the nozzle body. 

A flow insert may for example be located within the inner bore of the 
supply line. The flow insert may have an insert passage extending therethrough. 
25 The insert passage may have a lateral cross-section having a shape 
corresponding to the shape of the upstream opening of the nozzle body. The 
insert passage may for example have a slot shaped lateral cross-section where 
the upstream opening is also slot shaped. 

The insert passage may therefore preferably have the following 
30 configuration: 
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Ln-1 > Ln 
Tfsj-1 >Tn 
HN-1 > 5 

tn-1 

5 LN > L 

where: 

Ln is the elongate length of the nozzle body upstream opening; 

is the elongate length of the lateral cross-section of the insert passage; 
Tn is the lateral width of the nozzle body upstream opening; and 

10 Tn-1 is the lateral width of the lateral cross-section of the insert passage. 

According to a further alternative preferred embodiment, the upstream 
opening of the delivery passage may be at least substantially circular in shape. 
Therefore, the walls of the delivery passage may incline inwardly in the shape of 
a flattened cone in a conical portion of the delivery passage towards the slot 

15 shape nozzle opening. The lateral cross section of the delivery passage 
immediately upstream from the nozzle opening may have at least substantially 
the same shape as the nozzle opening for a predetermined extent upstream of 
the nozzle opening. Therefore, the walls of the liquid delivery passage may be 
initially planar in an initial portion of the delivery passage for a predetermined 

20 extent immediately upstream from the nozzle opening, the wall subsequently 
expanding outwardly and with an increasing curvature such that the upstream 
opening of the delivery passage is at least substantially circular in shape. 

This configuration facilitates substantially laminar liquid flow from the 
supply line to the delivery passage without the need of any flow straightening 

25 means. 

The delivery passage referred to above may have the following 
configuration: 
H> 2 
T 

30 Where: 

H is the length of the initial portion of the delivery passage immediately upstream 
from the nozzle opening of the nozzle body; and 
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T is the lateral thickness of the nozzle opening of the nozzle body. 
Preferably, Hm - H > 5 
T 

where: 

5 Hn is the total length of the delivery passage from the upstream opening to the 

nozzle opening of the nozzle body. 

The nozzle body may be constructed in two sections the nozzle body being 
"split" in a plane extending through the length of the delivery passage. The split 
may be in a plane which bisects the slot opening. This arrangement facilitates 
10 the manufacture of the nozzle body as channels defining one side of the delivery 
passage can be separately machined into a respective section of the nozzle 
body. The two sections thereof can then be assembled together to form the 
nozzle body, with the delivery passage being formed generally by the channels 
when brought together. The channels may therefore define the walls of the 
15 delivery passage including the slot opening thereof. Alternatively, at least one 
spacer element may be located between the two nozzle body sections, the 
thickness of the at least one spacer element defining the lateral thickness of the 
slot opening. Therefore, only the portion of the delivery passage adjacent the 
upstream opening may be machined into each nozzle body section, the initial slot 
20 shaped portion of the delivery passage being defined by means of the at least 
one spacer element. This arrangement allows the lateral thickness of the slot 
opening to be adjusted. It also facilitates the "reconditioning" of the nozzle body 
after extended use as the contact and end surfaces of the nozzle sections can be 
"lapped" as so required when the nozzle body is worn from use. 
25 In an alternative related preferred embodiment, each nozzle body section 

may include a further separate base portion. The base portion may be made 
from a wear resistant material typically a carbide, alumina, sapphire or diamond 
ceramic compound. When the two nozzle body sections are brought together, 
the respective base portions define the initial slot shaped portion and the nozzle 
30 opening for the nozzle body. The base portion may further define a "land" 
extending into and providing a step between the portion of the delivery passage 
adjacent the upstream opening and the initial slot shaped portion thereof. This 
band which may be typically up to 3mm wide, acts to provide for a smooth 
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transition of the liquid flow through the delivery passage, the flow approximately 
laminar flow. It has been found that the land forms an area of relatively slow 
moving liquid adjacent it. The remaining liquid can then flow past this stationary 
fluid through into the initial portion of the delivery passage. 

5 The nozzle body may be accommodated within a nozzle mount for holding 

the nozzle body in position. The nozzle body may be located within a cavity in 
the nozzle mount which may allow high pressure liquid to circulate around the 
exterior of the nozzle body. A seal may be provided between the downstream 
end of the nozzle body and an inner face of the nozzle mount. This helps to 

10 substantially balance the liquid pressure between the exterior of the nozzle body 
and the delivery passage therein to minimise the possibility of "bursting" of the 
nozzle body, particularly when the nozzle body has been made in two separate 
parts. 

According to another aspect of the present invention, there is provided a 
15 method of disintegrating material including exposing the material to at least one 
ultra high pressure liquid jet to thereby disintegrate the material, the jet being 
provided by a high or ultra hjgh pressure liquid nozzle having a nozzle body with 
a slot shaped nozzle opening to thereby deliver a relatively planar high or ultra 
high pressure liquid jet therefrom. 
20 The material may preferably be exposed to a plurality of said liquid jets. 

The material may be rubber from a vehicle tyre, in particular, rubber from 
the tread portion of the tyre. It is however also envisaged that the method 
according to the present invention be used on other materials such as plastics 
and other polymers. 

25 The use of the method according to the present invention leads to more 

uniform particle size of the particulate material. This is because of the type of 
UHPL jet produced by the nozzle according to the present invention and the 
shape and configuration of the cut produced by that jet in the material. Therefore, 
in the case of rubber from vehicle tyres a higher quality recycled rubber can be 

30 produced, with the particles being relatively uniform and preferably less than 100 
microns in size. 

According to a further aspect of the present invention, there is provided a 
method of cleaning, including exposing an area to be cleaned to a high or ultra 
high pressure liquid jet, the jet being provided by a high or ultra high pressure 
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liquid nozzle having a nozzle body with a slot shaped opening to thereby deliver a 
relatively planar high pressure liquid jet therefrom. 

As the liquid jet has a relatively uniform pressure gradient across the jet, 
this provides for more efficient cleaning by the jet when compared with 
5 conventional conical liquid jets. 

It is also envisaged that the nozzle according to the present invention can 
be used for liquid abrasive cleaning applications. 

With this in mind, the present invention provides in another aspect a liquid 
abrasive cleaning system including: 
10 a nozzle for delivering a high or ultra high pressure liquid jet, the nozzle 

including a nozzle body having a delivery passage passing therethrough to a 
nozzle opening at an end face of the nozzle body, the nozzle opening being slot 
shaped to thereby deliver a relatively planar shaped high or ultra high pressure 
liquid jet therefrom; 

15 a mixing chamber located downstream of the nozzle opening through 

which the liquid jet is directed by the nozzle, the mixing chamber including supply 
means for supplying an abrasive material to the mixing chamber for mixing with 
the liquid jet, and 

a focusing conduit extending from the mixing chamber for directing the 
20 liquid jet mixed with abrasive material to an area to be cleaned. 

The use of a. planar liquid jet in such an application provides for a greater 
area coverage in each transit of the cleaning system. 

The mixing chamber may provide an elongate interior cavity for 
accommodating the liquid jet. The supply means may include at least one supply 
25 opening provided along at least one side of the elongate cavity through which 
abrasive material may be supplied. These supply openings may preferably be 
provided on either side of the cavity to allow the planar liquid jet to be "coated" on 
either side by this abrasive material. It should be noted that the mixing of the 
abrasive material with the liquid jet may be substantially on the outer periphery 
30 thereof resulting in said coating of the liquid jet by the abrasive material. 

Typical abrasive materials that could be used include "garnet" sand 
alumina powder or any other similar cutting mediums. 

The abrasive material may be drawn into the mixing chamber by virtue of a 
"Venturi" effect arising from the passage of the liquid jet through the mixing 



BNSDOCID: <WO 0047330A1 J > 



WO 00/47330 



10 



PCT/AU00/00087 



chamber. 

The focusing conduit may have a focusing passage passing therethrough, 
the liquid jet mixed with abrasive material being directed through the focusing 
passage to the area to be cleaned. The focusing passage may therefore have a 
5 slot shaped lateral cross-section to accommodate the planar liquid jet. 

The focusing conduit may be dimensioned as a function of the lateral 
thickness of the nozzle opening of the nozzle body to optimise the efficiency of 
the operation of the focusing conduit. The focusing conduit may have the 
following configuration: 
10 _F > 3 
T 

Lf > 100 
T 

15 where: 

F is the lateral thickness of the focusing passage; 

T is the lateral thickness of the nozzle opening of the nozzle body; and 

Lp is the length of the focusing conduit. 

According to yet another aspect of the present invention, there is provided 
20 a liquid abrasive cleaning assembly including; 

a mixing chamber having an elongate interior cavity, and at least one 
supply opening provided on at least one side of the cavity for supplying abrasive 
material to the cavity; 

support means for supporting a nozzle delivering a relatively planar 
25 shaped high or ultra high pressure liquid jet therefrom and through the cavity, and 
a focusing conduit extending from the mixing chamber for directing said 
liquid jet to an area to be cleaned, the focusing conduit having a focusing 
passage passing therethrough, the focusing passage having a slot shaped lateral 
cross-section. 

30 It will be convenient to further describe the present invention with respect 

to the accompanying drawings which illustrate preferred embodiment of the 
present invention. Other arrangements of the invention are possible, and 
consequently, the particularity of the accompanying drawings is not to be 
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understood as superseding the generality of the preceding description of the 
invention in the drawings: 

Figure 1 is a side cross-sectional view of a nozzle assembly according to 
the present invention; 

5 Figure 2a is a side cross-sectional view of a first preferred embodiment of 

a nozzle body according to the present invention; 

Figure 2b is a cross-sectional view along lines AA of Figure 2a; 
Figure 2c is a cross-sectional view along lines BB of Figure 2a; 
Figure 3 is an isometric view of the internal volume of the delivery passage 
io of the nozzle of Figure 2a; 

Figure 4a is a side cross-sectional view of an alternative arrangement of a 
nozzle body according to the present invention; 

Figure 4b is an end view of the nozzle body of Figure 4a; 
Figure 5a is an end view of a further preferred embodiment of a nozzle 
15 body according to the present -invention; 

Figure 5b is a side cross-sectional view along line AA of Figure 5a; 
Figure 5c is a side cross-sectional view along line BB of Figure 5a; 
Figure 6a is a side cross-sectional view of a nozzle assembly similar to 
Figure 1 , but having the nozzle body of Figure 5a; 
20 Figure 7a is a perspective view of a nozzle body according to yet another 

alternative preferred embodiment according to the present invention; 

Figure 7b is a perspective view of a nozzle body section of the nozzle body 
of Figure 7a; 

Figure 8a is a perspective view of a nozzle mount for the nozzle body of 
25 Figure 7a; 

Figure 8b is a plan view of the nozzle mount of Figure 8a; 
Figure 9a is a cross-sectional view of a cut made by a conventional UHPL 
nozzle; 

Figure 9b is a cross-sectional view of a cut made by a UHPL nozzle 
30 according to the present invention; 

Figure 10a is a perspective view of a nozzle body according to a further 
preferred embodiment according to the present invention; 

Figure 10b is a perspective view of a nozzle body section of the nozzle 
body of Figure 10a; 
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Figure 11a is a side cross-sectional view of a liquid abrasive cleaning 
system according to the present invention; and 

Figure 11b is a plan cross-sectional view of the liquid abrasive cleaning 
system of Figure 11a. 
5 In the following description, a distinction is made between high pressure 

and ultra high pressure liquid. High pressure liquid has a pressure of up to 
20,000 KPa. Ultra high pressure liquid will have pressure greater than 20,000 
KPa. It should however be noted that the invention is not limited to these 
pressures and can be used for a wide range of liquid pressures. 
10 Referring initially to Figure 1 , there is shown an ultra high pressure liquid 

(UMPL) nozzle assembly 1 having a nozzle body 3 according to the present 
invention. The nozzle body 3 has a delivery passage 5 passing therethrough 
which ultra high pressure liquid can pass to a nozzle opening 7 of the nozzle body 
3. 

is The ultra high pressure liquid is supplied by a supply line 9 having an inner 

bore 1:1 through which the ultra high pressure liquid is supplied. The nozzle body 
3 and supply line 9 are held together by means of a housing 13 with a nozzle 
mount 15 accommodated within the housing 13, holding the nozzle body 3 in 
place. 

20 The configuration of the delivery passage 5 of the nozzle body 3 shown in 

Figure 1 is more clearly shown in Figures 2a to c and Figure 3. The nozzle 
opening 7 is slot shaped having a elongate length L and thickness T. The 
delivery passage 5 has an upstream opening 15 which is circular in shape having 
a diameter D. In the illustrated arrangement, the elongate length L of the nozzle 

25 opening 7 is at least substantially equal to the diameter D of the upstream 
opening 15. The nozzle body 3 has a height Hfvj and the delivery passage 5 
extends completely through the nozzle body 3 from the upstream opening 15 to 
the nozzle opening 7. For a predetermined extent H immediately upstream of the 
nozzle opening 7 in an initial portion 17 thereof, the delivery passage 5 has the 

30 same cross-section as the shape of the nozzle opening 7. The delivery passage 
5 therefore includes two parallel planar walls 17 in this section thereof. Between 
this section and the upstream opening 15 in a conical portion 18 thereof, the walls 
19 of the delivery passage 5 diverge outwardly in the shape of a flattened cone 
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and progressively increase in curvature towards the circular upstream opening 
15. This conical portion 18 of the delivery passage allows for substantially 
laminar flow of liquid from the supply line 9 to the delivery passage 3. 

Experimentation involving this nozzle body 3 has shown a favourable 
5 relationship between the lateral thickness T of the nozzle opening 7 and the 
elongate extent H upstream from the nozzle opening 7. 

In particular: 

H > 2 

T 

io Preferably: 
Hkj - H> 5 
T 

where: 

H is the length of the initial portion of the delivery passage immediately upstream 
15 from the nozzle opening of the nozzle body; 

Hn is the total length of the delivery passage from the upstream opening to the 

nozzle opening of the nozzle body; and 

T is the lateral thickness of the nozzle opening. 

By way of example only, referring to Figures 2a to c, the delivery passage 
20 5 may have the following dimensions as follows: 
D = 6mm 
H = 1 3 mm 
L = 6 mm 
T = 0.16 mm 
25 HN = 35mm 

Figures 4a and b show an alternative arrangement of a nozzle body 21 
according to the present invention. The nozzle body 21 also has a delivery 
passage 23 with a slot shaped nozzle opening 25 at the downstream end of the 
nozzle body 21. However, unlike the previously described arrangement, the 
30 delivery passage 23 retains a uniform cross-section corresponding to the shape 
of the nozzle opening 25 through the nozzle body 21. Therefore, the upstream 
opening 27 of the nozzle body 21 is similarly slot shaped as the nozzle opening 
25. 
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The delivery passage 23 has the following configuration: 

H N > 2 

T 

where: 

5 Hn is the total length of the delivery passage from the upstream opening to the 
nozzle opening of the nozzle body; and 
T is the lateral thickness of the nozzle opening. 

This arrangement is potentially more convenient to manufacture than the 
earlier described arrangement. Flow straightening arrangement vanes (not 
10 shown) may however need to be provided within supply line 9 supplying liquid to 
the nozzle body 21 in view of the likely increased turbulence of the fluid due to the 
shape of the upstream opening 27. 

Figures 5a to 5b show a further possible arrangement of a nozzle body 30 
according to the present invention. The delivery passage 31 of this nozzle body 
15 30 has a slot shaped nozzle opening 32 having an elongate length L and lateral 
width T as in the previously described arrangements. Furthermore, an initial 
portion 33 of the delivery passage 31 extends for a predetermined extent H 
immediately upstream of the nozzle opening 32, the initial portion 33 having a 
generally uniform cross-section least substantially the same shape as the nozzle 
20 opening 32. The initial portion 33 is therefore substantially defined by a pair of 
parallel planar walls 35. This initial portion 33 is therefore similar to the initial 
portion 16 of the arrangement shown in Figures 2a to 3. One significant 
difference is that the delivery passage 31 includes a wedge shaped portion 34 
extending from the initial portion 33 thereof, the wedge shaped portion 34 having 
25 planar walls 36 inclined relative to the parallel planar walls 35 of the initial portion 
33. The inclined planar walls 36 extend outwardly from the initial portion 33 to 
substantially define the wedge shaped portion 34 of the delivery passage 31. 
Each inclined wall 36 may have an inclination angle, preferably equal to or less 
than 13°, relative to the planar wall 35 of the initial portion 33 to which the inclined 
30 wall 36 extends. The abovenoted inclination angle helps to minimise turbulence 
or facilitate laminar flow in the liquid flow though the delivery passage 31 . 

Because of the inclination of the inclined walls 36, the upstream opening 
38 of the nozzle body 30 has a lateral thickness Tn greater than the lateral 
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thickness T of the nozzle opening 32. The elongate length Ln of the upstream 
opening 38 may be at least substantially equal to the elongate length T of the 
nozzle opening 32. In an alternative possible configuration, the delivery passage 
31 may gradually widen, at least from the initial portion 33 thereof such that the 
5 elongate length Tn of the upstream opening 38 is greater than the elongate 
length T of the nozzle opening 32. 

It has also been found that the following configuration is advantageous for 
the operation of this arrangement: 

H > 2 
10 T 
where: 

H is the length of the initial portion of the delivery passage immediately upstream 
from the nozzle opening of the nozzle body; and 
T is the lateral thickness of the nozzle opening of the nozzle body. 
15 Furthermore, it is advantageous that: 

Hn - H> 5 
T 

where: 

Hn is the total length of the delivery passage from the upstream opening to the 

20 nozzle opening of the nozzle body. 

Figure 6c is similar to Figure 1, and corresponding integers are 
conveniently designated with the same reference numerals. The main difference 
is that the nozzle assembly 1 is shown with the nozzle body 30 of Figures 5a to c. 
This nozzle body 30 has a generally slot shaped upstream opening 38, while the 

25 inner bore 11 of the supply line 9 supplying ultra high pressure liquid to the 
upstream opening 38 is typically circular in cross-section. This will result in 
substantial turbulence being generated within the fluid immediately upstream of 
the nozzle body 30 resulting in a loss in fluid pressure. It is therefore 
advantageous to include means to reduce or eliminate this turbulence. Referring 
30 in particular to Figure 6b, a flow inset 39 may be located within the inner bore 1 1 
of the supply line 9 immediately upstream of the nozzle body 30. The flow insert 
39 has a slot shaped insert passage 41 extending therethrough. The use of such 
an insert 39 will help to smooth the fluid flow to the upstream opening 38 of the 
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nozzle body 30, It is to be appreciated that such a flow insert 39 could also be 
used for, for example, the nozzle body 21 of Figures 4a and b. 

The insert passage 41 may have the following configuration: 
L|\|-1 > Ln 
5 Tfsl-1 > Tn 
HjSM > 5 
TN-1 
where: 

Ln is the elongate length of the nozzle body upstream opening; 

10 I_N-1 is the elongate length of the lateral cross-section of the insert passage; 
Tn is the lateral width of the nozzle body upstream opening; and 
Tn-1 is the lateral width of the lateral cross-section of the insert passage. 

^ Referring the Figures 7a and 7b, there is shown a nozzle body 50 

according to yet another alternative arrangement according to the present 

15 invention. The nozzle body 50 is formed in two nozzle body sections 51, the 
"split" of the nozzle body 50 being in a plane extending through the length of the 
delivery passage 54 and bisecting the slot opening (not shown) of the nozzle 
body 50. In each nozzle body section 51 there is provided a channel 53. When 
the nozzle section 51 are assembled together, the channels 53 together form at 

20 least part of the delivery passage 54 of the nozzle body 50. 

In the illustrated arrangement, the delivery passage 54 is similar in shape 
to the embodiment shown in Figures 5a to 5c in having a wedge shape portion 
adjacent the upstream opening of the nozzle body 50. One or more spacer 
element 52 are provided between each nozzle body section 51 , the nozzle body 

25 section 51 being secured together by fastening members 52. The thickness of 
the spacer element(s) 62 determines the lateral thickness of the slot opening of 
the nozzle body 50. This arrangement therefore allows for the lateral thickness of 
the slot opening to be adjusted by using spacer elements of different thickness or 
sandwiching more than one spacer element at a time between the nozzle body 

30 sections 51 . At least one spacer element 62 can be provided between the nozzle 
body section 51. Alternatively, more than one spacer element 62 can be located 
between the nozzle body section 51 as required. 

The nozzle body 50 can be supported in a nozzle mount 55 as shown in 
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15 



20 



25 



Figures 8a and 8b. This nozzle mount 55 includes a cavity 56 in which the nozzle 
'body 50 can be placed. The cavity 56 has an inner face 59 in which is provided a 
slot opening 58. This nozzle mount slot opening 58 is aligned with the slot 
opening of the nozzle opening 50 when supported therein. An 
M 0" ring 57 is located between a lower face 60 of the nozzle body 50 and the 
inner face 59 of the nozzle mount cavity 56. 

This arrangement allows high pressure liquid to circulate around the 
nozzle body 50, with the end face 60 pressed against the inner face 59. This 
ensures that the only high pressure liquid passing through the nozzle opening 58 
of the nozzle mount 55 is from the delivery passage 54 of the nozzle body 50. 
High pressure liquid is prevented from entering the nozzle mount slot opening 58 
from the area surrounding the nozzle body 50. This arrangement helps to 
substantially balance the liquid pressure between the exterior of the nozzle body 
50 and the delivery passage 54 thereof to minimise the possibility of the 
"bursting" of the nozzle body 50 that could occur if there is a substantial 
difference between the pressure within the delivery passage 54 and the exterior 
of the nozzle body 50. 

The nozzle body arrangement shown in Figure 7a and 7b is relatively 
straight forward to manufacture because the delivery passage 54 is in part 
provided by channels 53 machined in the contact face 61 of each nozzle section 
51. Furthermore, the nozzle body 50 can be readily "reconditioned" after 
extended use where there has been wear of the nozzle opening thereof, by 
"lapping" the contact face 61 and end face 60 of each nozzle body section 51 . 

The nozzle body 3, 21, 30, 50 according to the present invention provides 
a relatively planar UHPL jet which results in a relatively wide channel shaped cut 
in the material exposed to such a jet. The resultant particulate material produced 
by the jet in the case of tread rubber is relatively uniform in size, preferably less 
than 1 00 microns in size. 

A comparison of the cut made by a conventional UHPL nozzle (Figure 9a) 
and an UHPL nozzle according to the present invention (Figure 9b) shows the 
greater area of the cut provided by the latter nozzle. ] 



The nozzle body 70 shown in Figures 10a and 10b is similar to the 
embodiment shown in Figures 7a and 7b in being formed in two separate nozzle 
body sections 71 , one of which is shown in Figure 10b. The principal difference is 
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that each nozzle body section 71 includes a base portion 72 formed of wear- 
resistant material such as sapphire or diamond ceramic compounds. The base 
portion 72 when the nozzle body 70 is assembled defines the initial slotted 
shaped portions of the delivery passage 73. The rest of the nozzle body section 
5 71 provide the wedge shaped portion 74 defined by inclined wails 75 provided in 
each nozzle body section 71. The use of wear-resistant base portion 72 help to 
improve the long term accuracy and reliability of the nozzle body 70. it is 
however also possible to provide a "land 76" with the base portion 72 for each 
nozzle body section 71 , this land 76 being provided adjacent the shallow end of 
lo the inclined wall 75. The land can for example extend in the range of between 0 
to 3 mm generally laterally from the end of the inclined wall 75. It has been found 
that the provision of a land 76 on either side of the initial portion of the delivery 
passage 73 provides a zone of slow moving liquid immediately adjacent the band 
76. This zone acts to direct the remaining liquid through the delivery passage 73 
15 to provide a smooth transition to the flow to the slot shaped portion of the delivery 
passage 73. The result is a fluid flow which approximates laminar flow. 

In the above embodiment, we have described the nozzle according to the 
present application with respect to reclamation applications where pressures from 
5000 to 30,000 KPa can be used. It should be noted that the nozzle according to 
20 the present invention also be used for cleaning applications. The nozzle can be 
used directed to provide a planar liquid jet for cleaning. In such applications, the 
liquid pressure can be up to 20,000 KPa. 

It is also possible to use the nozzle according to the present invention in 
liquid abrasive cleaning applications as part of a system 80 as shown in Figures 
25 1 1 a and 11b. The liquid abrasive cleaning system 80 includes the nozzle body 
70 as shown in Figures 10a and 1 0b. It should be noted that other nozzle body 
embodiments could also be used in the applications. The system 80 further 
includes a mixing chamber 81 having an elongate interior cavity 83. As elongate 
inlet opening 82 is provided along the length of the cavity 83, this inlet opening 82 
30 being aligned with the slot shaped nozzle opening 77 of the nozzle body 70. 
Supply openings 84 for supplying abrasive material to the cavity 83 are also 
provided along either side thereof. 

A focusing conduit 85 extends from the mixing chamber 81 and directs the 
liquid jet when mixed with abrasive material through to the area to be cleaned. 
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The focussing conduit 85 can have a focusing passage 86 with a slot shaped 
lateral cross-section to accommodate the planar liquid jet. 

During operation of the liquid abrasive cleaning system 80, the liquid jet 
from the nozzle body 70 passes through the cavity 83 of the mixing chamber 81. 
5 Abrasive material such as garnet sand or alumina powder are supplied through 
the supply openings 84, this material being drawn into the cavity 83 by the Venturi 
effect arising from the passage of the liquid jet through the mixing chamber 83. 
The abrasive material therefore "coats" the liquid jet when passing through the 
mixing chamber. The focusing conduit 85 then acts to direct the liquid jet to the 
10 area to be abrasively cleaned. 

In such applications, the liquid pressure supplied to the nozzle body 70 can 
be in the order of between 10,000 to 20,000 KPa. This range falls between the 
pressure range used for cutting applications, and the pressure range used for 
direct liquid cleaning by the nozzle according to the present invention. It should 
15 however be noted that the invention is not necessarily restricted to use within 
these ranges for each application. 

Although this invention has been described by way of an example with 
reference to possible arrangements thereof, it is to be understood that 
modifications or improvements may be made thereto without departing from the 
20 scope of the invention. For example, in the abovedescribed arrangements, at 
least a portion of the delivery passage is defined by parallel planar walls. It is 
however also envisaged that the delivery passage may be defined by inclined 
planar or curved walls extending all the way from the upstream opening to the 
nozzle opening of the nozzle body with no parallel portions thereof. The delivery 
25 passage would therefore be wedged shaped or a flattened cone shape without 
any initial parallel portion. Furthermore, in the abovedescribed arrangements, the 
nozzle opening is shown flush with the end face of the nozzle body. It is however 
also envisaged that the nozzle opening be provided by a "throat" within the 
delivery passage, the throat being recessed inwardly from the end face of the 
30 nozzle body. The delivery passage can therefore narrow progressively to the 
throat providing the nozzle opening, and may then expand outwardly again in a 
similar fashion to a Venturi. The throat will still however retain the slot shape 
according to the present invention. 
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CLAIMS: 

1 . A nozzle for delivering a high or ultra high pressure liquid jet, the nozzle 
including a nozzle body having a delivery passage passing therethrough to a 
nozzle opening at an end face of the nozzle body, wherein the nozzle opening is 
slot shaped to thereby deliver a relatively planar shaped high or ultra high 
pressure liquid jet therefrom. 

2. A nozzle as claimed in claim 1 wherein at least an initial portion of the 
delivery passage immediately upstream from the nozzle opening has a lateral 
cross-section at least substantially the same as the shape of the nozzle opening. 

3. A nozzle as claimed in claim 2 wherein the delivery passage has an 
upstream opening and the delivery passage has a uniform lateral cross-section 
from the upstream opening to the nozzle opening, the uniform lateral cross- 
section being at least substantially the same shape as the nozzle opening. 

4. A nozzle as claimed in claim 3 wherein: 
HN > 2 

T 

where: 

Hn is the total length of the delivery passage from the upstream opening to the 
nozzle opening; and 

T is the lateral thickness of the nozzle opening. 

5. A nozzle as claimed in claim 2 wherein the delivery passage has an 
upstream opening, and includes a further portion between the upstream opening 
and the initial portion thereof, wherein the further portion of the delivery passage 
has walls diverging outwardly from the initial portion thereof. 

6. A nozzle as claimed in claim 5 wherein the further portion of the delivery 
passage is wedge shaped. 
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7. A nozzle as claimed in claim 5 wherein the further portion extends 
outwardly from a slot shaped end to a circular said upstream opening. 

8. A nozzle as claimed in any one of claims 5 to 7 wherein: 
H > 2 

T 

where: 

H is the length of the initial portion of the delivery passage immediately upstream 

from the nozzle opening of the nozzle body; and 

T is the lateral thickness of the nozzle opening of the nozzle body. 

9. A nozzle as claimed in claim 8 wherein: 
Hn-H > 5 

T 

where: 

Hn is the total length of the delivery passage from the upstream opening to the 
nozzle opening of the nozzle body. 

10. A nozzle as claimed in any one of claims 5 to 9 wherein the lateral 
cross-section of the delivery passage maintaining an elongate length at least 
substantially the same as the elongate length of the nozzle opening from the 
upstream opening to the nozzle opening. 

11. A nozzle as claimed in any one of claims 5 to 9 wherein the lateral 
cross-section of the delivery passage maintains an elongate length at least 
substantially the same as the elongate length of the nozzle opening for the initial 
portion of the delivery passage, and the elongate length lateral cross-section of 
the delivery passage is equal to or greater than the elongate length of the nozzle 
opening and the further portion of the delivery passage. 

12. A nozzle as claimed in any one of claims 5 to 11 wherein the angle of 
inclination of the walls of the further portion of the delivery passage is equal to or 
less than 1 3° relative to the walls of the initial portion of the delivery passage. 
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13. A nozzle according to any one of the preceding claims including a 
supply line for supplying high or ultra high pressure liquid to the nozzle body, the 
supply line having an inner bore with a lateral cross-section having dimensions 
which are greater than or equal to the length and width of the nozzle opening. 

14. A nozzle according to claim 13 further including flow straightening 
means provided immediately upstream of the nozzle body within the inner bore of 
the supply line. 

15. A nozzle according to claim 13 or 14 including a flow insert located 
within the inner bore of the supply line, the flow insert having an insert passage 
extending therethrough. 

16. A nozzle as claimed in claim 15 wherein the insert passage has a lateral 
cross-section having a shape corresponding to the shape of the upstream 
opening of the nozzle body. 

17. A nozzle as claimed in claim 16 wherein: 
Ln-1 > Ln 

TN-1 ^Tn 
H N-1 ^ 5 
TN-1 

ln>l 

where: 

Ln is the elongate length of the nozzle body upstream opening; 

l_N-i is the elongate length of the lateral cross-section of the insert passage; 

Tn is the lateral width of the nozzle body upstream opening; and 

T|\|-1 is the lateral width of the lateral cross-section of the insert passage. 

18. A nozzle as claimed in any one of claims 5 to 17 wherein the nozzle 
body is formed from two nozzle body sections, the nozzle body being split in a 
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plane extending through the length of the delivery passage and bisecting the slot 
opening. 

19. A nozzle as claimed in claim 18 including at least one spacer element 
located between the two nozzle body sections for defining the lateral thickness of 
the slot opening. 

20. A nozzle as claimed in claim 18 or 19 wherein each nozzle body section 
includes a further separate base portion formed of wear resistant material, the 
base portions defining the nozzle opening of the nozzle body when the two 
sections are brought together. 

21 . A nozzle as claimed in claim 20 wherein one of or each base portion 
provides a land extending into and providing a step between the further portion 
and the initial portion of the delivery passage. 

22. A nozzle as claimed in any one of the preceding claims including a 
nozzle mount having a cavity in which the nozzle body is located, wherein high or 
ultra high pressure can circulate around the exterior of the nozzle body 

23. A method of disintegrating material including exposing the material to at 
least one high or ultra high pressure liquid jet to thereby disintegrate the material, 
the jet being provided by a high or ultra high pressure liquid nozzle having a 
nozzle body with a slot shaped nozzle opening to thereby deliver a relatively 
planar high or ultra high pressure liquid jet therefrom. 

24. A method according to claim 23 including exposing the material to a 
plurality of said liquid jets. 

25. A method of cleaning, including exposing an area to be cleaned to a 
high or ultra high pressure liquid jet, the jet being provided by a high or ultra high 
pressure liquid nozzle having a nozzle body with a slot shaped opening to thereby 
deliver a relatively planar high pressure liquid jet therefrom. 
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26. A liquid abrasive cleaning system including: 

a nozzle for delivering a high or ultra high pressure liquid jet, the nozzle 
including a nozzle body having a delivery passage passing therethrough to a 
nozzle opening at an end face of the nozzle body, the nozzle opening being slot 
shaped to thereby deliver a relatively planar shaped high or ultra high pressure 
liquid jet therefrom; 

a mixing chamber located downstream of the nozzle opening through 
which the liquid jet is directed by the nozzle, the mixing chamber including supply 
means for supplying an abrasive material to the mixing chamber for mixing with 
the liquid jet, and 

a focusing conduit extending from the mixing chamber for directing the 
liquid jet mixed with abrasive material to an area to be cleaned. 

27. A system as claimed in claim 26 wherein the mixing chamber includes an 
elongate interior cavity for accommodating the liquid jet, and the supply means 
includes at least one supply opening located along at least one side' of the 
elongate cavities through which the abrasive material is supplied. 

28. A nozzle as claimed in claim 27 wherein supply openings are provided on 
both sides of the elongate cavity of the mixing chamber. 

29. A nozzle as claimed in any one of claims 26 to 28 wherein the focusing 
conduit has a focusing passage passing therethrough, the focusing passage 
having a slot shaped lateral cross-section. 

30. A nozzle as claimed in claim 29 wherein: 
F > 3 

T 

Lf > 100 

T 
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where: 

F is the lateral thickness of the focusing passage; 

T is the lateral thickness of the nozzle opening of the nozzle body; and 

Lp is the length of the focusing conduit. 

31 . A liquid abrasive cleaning assembly including; 

a mixing chamber having an elongate interior cavity, and at least one 
supply opening provided on at least one side of the cavity for supplying abrasive 
material to the cavity; 

support means for supporting a nozzle delivering a relatively planar 
shaped high or ultra high pressure liquid jet therefrom and through the cavity, and 

a focusing conduit extending from the mixing chamber for directing said 
liquid jet to an area to be cleaned, the focusing conduit having a focusing 
passage passing therethrough, the focusing passage having a slot shaped lateral 
cross-section. 
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Continuation of Box No: Box II 

The international application does not comply with the requirements of unity of invention because it does not relate 
to one invention or to a group of inventions so linked as to form a single general inventive concept. In coming to 
this conclusion the International Searching Authority has found that there are different inventions as follows: 

L Claims 1-22 is directed to a nozzle, per se, having a nozzle body with a slot shaped nozzle opening to 

deliver a relatively planar shaped high or ultra high pressure liquid jet therefrom. It is considered that a 
nozzle suitable for delivering high or ultra high pressure liquid into a relatively planar shaped jet 
comprises a first "special technical feature". 

2. Claims 23 and 24 are directed to a method of disintegrating material by exposing the material to relatively 
planar high or ultra high pressure liquid jet. It is considered that method of disintegrating material with 
the use of a planar high or ultra high pressure liquid jet comprises a second "special technical feature". 

3 . Claim 25 is directed to a method of cleaning by exposing the area to be cleaned to a relatively planar high 
or ultra high pressure liquid jet. It is considered that method of cleaning with the use of a planar high or 
ultra high pressure liquid jet comprises a third "special technical feature". 

4. Claims 26-30 are directed to a liquid abrasive cleaning system including a nozzle capable of delivering a 
relatively planar shaped high or ultra high pressure liquid jet therefrom; a mixing chamber located 
downstream of the nozzle and the mixing chamber including supply means for supplying an abrasive 
material to the mixing chamber for mixing with the liquid jet; and a focusing conduit extending from the 
mixing chamber for directing the liquid jet mixed with abrasive material to an area to be cleaned. 

It is considered that the features of the liquid abrasive cleaning system comprises a fourth "special 
technical feature". 

5. Claim 3 1 is directed to a liquid abrasive cleaning assembly including a mixing chamber having an 
elongate interior cavity and at least one supply opening provided on at least one side of the cavity for 
supplying abrasive material to the cavity; support means for supporting a nozzle delivering a relatively 
planar shaped high or ultra high pressure liquid jet therefrom; a focusing conduit extending from the 
mixing chamber for directing the liquid jet to an area to be cleaned; and the focusing conduit having a 
focusing passage with a slot shaped lateral cross-section. It is considered that the features of the 
assembly comprises a fifth "special technical feature". 

The feature common to these groups of claims is a nozzle suitable for delivering high or ultra high 
pressure liquid and designed to produce a relatively planar (ie flat or fan) liquid jet. However, this feature 
is shown in many documents as highlighted by the cited prior art documents in this search report. 

Hence this feature does not define a contribution of the prior art and does not provide a common inventive 
feature that links together these groups of claims. Consequently the remaining features of each of these 
groups of claims define inventions that are characterised by different special technical features. Thus the 
claims lack unity of invention. 
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Box 1 Observations where certain claims were found unsearchable (Continuation of item 2 of iirst sheet) 



This international search report has not been established in respect. of certain claims under Article 17(2)(a) for the following 
reasons: 



□ 



Claims Nos : 

because they relate to subject matter not required to be searched by this Authority, namely: 



□ 



Claims Nos : 

because they relate to parts of the international application that do not comply with the prescribed requirements 
to such an extent that no meaningful international search can be carried out, specifically: 



3 | | Claims Nos : 

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 
6.4(a) __ 

Box II Observations where unity of invention is lacking (Continuation of item 3 of first sheet) 

This International Searching Authority found multiple inventions in this international application, as follows: 

See supplemental sheet. 



I I As all required additional search fees were timely paid by the applicant, this international search report covers 
all searchable claims 

As all searchable claims could be searched without effort justifying an additional fee, this Authority did not 
invite payment of any additional fee. 

| | As only some of the required additional search fees were timely paid by the applicant, this international search 
report covers only those claims for which fees were paid, specifically claims Nos.: 



j No required additional search fees were timely paid by the applicant. Consequently, this international search 
report is restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 



Remark on Protest | | The additional search fees were accompanied by the applicant's protest. 

| [ No protest accompanied the payment of additional search fees. 
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